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Composite Fins for Heat Sinks 

This application is a continuation-in-part of U.S. Patent Application Serial 
5 No. 10/046,469, filed October 29, 2001, which is incorporated herein by reference. 

Technical Field 

Embodiments of the present invention relate generally to the field of 
electronic devices, and in particular to a composite fin for a heat sink that facilitates 
1 0 the thermal management of high-powered processors. 

Background 

Electronic devices generate heat during operation. Thermal management 
refers to the ability to keep temperature-sensitive elements in an electronic device 
15 within a prescribed operating temperature. Thermal management has evolved to 
address the increased heat generation created within such electronic devices as a 
result of increased processing speed and power within the electronic devices. 

Electronic devices were historically cooled by a natural convection thermal 
management technique. The cases or packaging of these prior art electronic devices 
20 were designed with openings (e.g., slots) strategically located to allow warm air to 
escape and cooler air to be drawn in. 

The advent of high performance processors and electronic devices now 
requires more innovative thermal management. Each increase in processing speed 
and power generally carries a cost of increased heat generation such that natural 
25 convection alone is no longer sufficient to provide proper thermal management. 

One common method for cooling electronic devices, such as an integrated 
circuit that includes a high performance processor, is by thermally coupling a heat 
sink to the processor. As used herein, processor means any type of computational 
circuit such as, but not limited to, a microprocessor, a microcontroller, a complex 
30 instruction set computing (CISC) microprocessor, a reduced instruction set 
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computing (RISC) microprocessor, a very long instruction word (VLIW) 
microprocessor, a graphics processor, a digital signal processor (DSP), or any other 
type of processor or processing circuit. Processors typically require more 
innovative thermal management when compared to other types of integrated circuits 
5 because of their large size, high speed and high component count. 

A heat sink is a thermal dissipation device comprised of a mass of material 
that is thermally coupled to a heat source to conduct thermal energy away from the 
heat source. The heat sink conducts the thermal energy away from a high- 
temperature region (i.e., the processor) to a low-temperature region (i.e., the heat 
10 sink). The thermal energy is then dissipated by convection and radiation from a 
surface of the heat sink into the atmosphere surrounding the heat sink. 

A well-known technique for improving the efficiency of a conductive heat 
sink is to provide a greater surface area on the heat sink. The increased surface area 
is typically provided by a number of fins that are attached to a base portion of the 
1 5 heat sink. The fins allow the heat sink to dissipate a greater amount of thermal 
energy from the heat sink into the atmosphere. 

The base of the heat sink device may have many different forms. The base 
typically includes one or more surfaces that are thermally coupled, directly or 
indirectly, to an integrated circuit that includes a processor in order to dissipate heat 
20 from the processor. Thermal energy is conducted from the processor through the 
heat sink base into the fins. The heat is dissipated into the atmosphere by 
convection through the top surface of the base and the surface of fins. 

The fins are either integral with the base of the heat sink or assembled to the 
base using various conventional fastening techniques. In heat sinks where the base 
25 and the fins are assembled together, the base is typically either copper or aluminum, 
and the fins are either copper or aluminum. Copper has superior thermal 
conductivity as compared to aluminum, but is significantly more expensive. Copper 
is also much denser, adding significant weight to the heat sink and making the heat 
sink, and the electronic device where the heat sink is located, more vulnerable to 
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damage from shock and/or vibration. Therefore, heat sinks that have copper are 
heavy and costly while aluminum fins do not provide enough thermal performance. 

An alternative and more costly system to manage the thermal energy output 
of high-powered processors utilizes heat sinks in combination with a fan. The fan 
forces air or some other fluid over and around a surface of the heat sink and/or 
processor in order to dissipate a greater amount of thermal energy from the 
processor. 

There are several problems with cooling systems that include a heat sink and 
fan combination. One problem is that the fan must typically be located too closely 
to the fins of the heat sink to generate fully developed air flow. When a large fan is 
used in conjunction with a heat sink to cool an electronic component, a large 
percentage of the air moved by the system fan does not go through the heat sink. As 
a result, even large fans are not an efficient solution for cooling some electronic 
devices. 

Some cooling systems utilize multiple fans to maintain proper operating 
temperatures. However, the additional fans add unwanted expense to manufacturing 
such electronic devices. In addition, extra fans are noisy, bulky, and utilize an 
inordinate amount of space within the environment where the electronic device is 
located. 

Since existing heat sinks do not cost-effectively cool high performance 
processors, what is needed is a cost-effective heat sink that provides high 
performance cooling for electronic components with high power generation. 

Brief Description of the Drawings 

FIG. 1 is a front view illustrating an example embodiment of a heat sink of 
the present invention. 

FIG. 2 is a side view of the heat sink illustrated in FIG. 1 . 

FIG. 3 is a side view illustrating a plurality of the fins being assembled to a 
base to form the heat sink illustrated in FIGS. 1 and 2. 
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FIG. 4 is a schematic view illustrating a method of assembling the fins that 
are used in the heat sink illustrated in FIGS. 1 and 2. 

FIG. 5 is a schematic view illustrating a portion of a computer system that 
includes the heat sink illustrated in FIGS. 1 and 2. 
5 FIG. 6 is a side view of a heat sink that includes fins with portions which are 

connected by a lap joint. 

FIG. 7 is a side view of the heat sink shown in FIG. 6 with the portions of 
the fins connected by a butt joint. 

1 0 Detailed Description 

In the following detailed description, reference is made to the accompanying 
drawings which form a part hereof, and in which is shown, by way of illustration, 
specific embodiments in which the invention may be practiced. In the drawings, 
like numerals describe substantially similar components throughout the several 

1 5 views. These embodiments are described in sufficient detail to enable those skilled 
in the art to practice the invention. Other embodiments may be utilized, and 
structural, logical, and electrical changes may be made, without departing from the 
scope of the present invention. 

A method and heat sink for dissipating heat from an electronic device is 

20 described. The method and apparatus are cost-effective yet efficiently dissipate the 
thermal energy that is generated by high-performance processors and other 
integrated circuits. 

FIGS. 1 and 2 illustrate a heat sink 10 for dissipating heat from an electronic 
device. The heat sink 10 comprises a base 12 and plurality of fins 14. The base 12 
25 is preferably made from copper and is adapted to be directly or indirectly thermally 
coupled to an integrated circuit (not shown) that includes a high-powered processor. 

It should noted that even though FIGS. 1 and 2 show the fins 14 extending 
perpendicularly from the base 12, the fins 14 may be oriented at any angle relative 
to base 12 that facilitates conducting thermal energy from the base 12 into the 
30 atmosphere surrounding the heat sink 10. In addition, the number of fins 14 and the 
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spacing of the fins 14 may vary to facilitate conduction of thermal energy away 
from the base 12. 

FIG. 3 is a side view illustrating a plurality of the fins 14 being assembled to 
a base 12 to form the heat sink 10 illustrated in FIGS. 1 and 2. A bottom surface of 
5 the base 12 is supported by a stationary platen 15 while the lower edges 16 of the 
fins 14 are placed into grooves that are fabricated in an upper surface of the base 12. 
The fins 14 are secured to the base 12 place using a tool 18. The tool 18 includes a 
movable platen 19 that is moved toward the base 12 of the heat sink 10. The tool 18 
further includes blades 20 that extend downward from the movable platen 19. The 

10 blades 20 engage the upper surface of the base 12 as the tool 1 8 is moved 

downward. As the tool 18 is moved further downward, a compressive force is 
generated between the blades 20 and the upper surface of the base 12 as indicated 
by the arrows in FIG. 3. The compressive force is great enough for the blades 20 to 
plastically deform the base 12 at locations adjacent to the fins 14 such that the 

15 blades 20 attach the fins 14 to the base 12. The fins 14 may also be attached to the 
base 12 using any other conventional attachment technique. 

The fins 14 each include a copper portion 22 and an aluminum portion 24. 
The copper portion 22 has a higher thermal conductivity so it is placed into the base 
12 to facilitate efficiently conducting thermal energy from the base. Since the 

20 copper portion is so dense and expensive, the remainder of the fin 14 is formed by 
the lightweight and inexpensive aluminum portion 24. 

Combining the copper portion 22 with the aluminum portion 24 produces a 
fin 14 that has thermal design advantages which are not available with monolithic 
aluminum fins and monolithic copper fins. The composite fins 14 have a higher 

25 thermal conductivity than aluminum fins and are lighter and less expensive than 
copper fins. Minimizing the weight of the fins 14 is important because of the 
damage that can result due to any shock and/or vibration which affects the heat sink 
10 and/or the electronic device that includes the heat sink 10. It should be noted 
that one or more alternative materials may be combined to produce the fins 14 

30 depending on the relevant heat transfer considerations and the costs that are 
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associated with fabricating the heat sink 10 and the electronic device that includes 
the heat sink 10. 

FIG. 4 is a schematic view illustrating a part of a method of assembling the 
fins 14 that are used to form the heat sink 10 illustrated in FIGS. 1 and 2. The 
5 copper portion 22 is initially in the form of a sheet that has one edge 26 roll-formed 
into a generally J-shape. The aluminum portion 24 is also initially in the form of a 
sheet and has an opposing edge 28 similarly roll-formed into a generally J-shape. 
The opposing edges 26, 28 on the copper and aluminum portions 22, 24 are 
interleaved to form a joint that connects the copper portion 22 to the aluminum 
10 portion 24. 

The interleaved copper and aluminum portions 22, 24 are delivered through 
a pair of rolling tools 30A, 30B. The interleaved joint is delivered through the 
rolling tools 30A, 30B such that a crimping feature 31 on one of the rollers 30A 
plastically deforms the joint to crimp the copper portion 22 to the aluminum portion 

1 5 24. The opposing roller 30B includes a corresponding detent 32 that is adapted to 
receive the crimping feature 31 on the other roller 30A. Although the crimping 
feature 3 1 and the detent 32 are shown with a generally V-shape, the crimping 
feature 31 and the detent 32 may have any shape that facilitates crimping the copper 
portion 22 to the aluminum portion 24. In addition, the crimping feature 31 and the 

20 detent 32 may not extend all of the way around the corresponding rollers 30A, 30B. 

One of the rollers 3 OA may also include projections 34 that are used to form 
louvers 35 in one or both of the aluminum and copper portions 22, 24. The 
opposing roller 30B includes a number of recesses 36 that are adapted to receive a 
corresponding number of the projections 34 which extend from the other roller 30A. 

25 As shown in FIGS. 2 and 3, the louvers 35 preferably extend from one side of the 
fins 14 on the copper portion 22 and from the opposing side of the fins 14 on the 
aluminum portion 24. The louvers 35 may extend from one or both of the 
aluminum and copper portions 22, 24. It should also be noted that the louvers 35 
may extend from one or both sides of the copper and aluminum portions 22, 24 that 

30 make up the fins 14. 
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As shown in FIG. 5, a heat sink 10 according to any of the example 
embodiments described herein may be incorporated into a computer system 5 that 
includes a chassis 6, an integrated circuit board 7 mounted in the chassis 6, and one 
or more processors 8 that are coupled to the integrated circuit board 7. 
5 Another aspect of the present invention relates to a method of assembling a 

heat sink 10. The method includes thermally coupling an aluminum portion 24 to a 
copper portion 22 in order to form a fin 14 and thermally coupling the fin 14 to a 
base 12 to form a heat sink 10. The heat sink 10 is thermally coupled to an 
integrated circuit (e.g., processor 8) such that the heat sink 10 conducts thermal 

1 0 energy away from the processor 8 during operation of the processor 8. The copper 
portion 22 of the fin 14 conducts thermal energy away from the base 12 to the 
aluminum portion 24 of the fin 14 to facilitate dissipating heat into the atmosphere 
surrounding the heat sink 10. One or more alternative materials may be combined 
to produce the fins 14 depending on the relevant heat transfer considerations and the 

15 costs that are associated with fabricating the heat sink 10. 

Thermally coupling the copper portion 22 to the aluminum portion 24 to 
form a fin 14 may include forming interlocking shapes on opposing edges 26, 28 of 
the copper and aluminum portions 22, 24. The interlocking shapes on the opposing 
edges 26, 28 of the copper and aluminum portions 22, 24 are interleaved and then 
crimped together. 

The method may further include forming louvers 35 on the copper and 
aluminum portions 22, 24 of the heat sink 10. The louvers 35 may be formed on 
one side, both sides, or a portion of any fin 14 that is used in the heat sink 10. 

Another embodiment of the present invention relates to a kit of parts for 
forming a heat sink 10 that is used to conduct thermal energy from an electronic 
device. The kit may comprise any combination of one or more (i) bases 12 that are 
adapted to be thermally coupled to the electronic device such that the base 12 
20 conducts thermal energy away from the electronic device; (ii) copper portions 22 
that are adapted to be thermally coupled to the base 12 such that the copper portions 
22 conduct thermal energy away from the base 12; and (iii) aluminum portions 24 
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that are adapted to be thermally coupled to the copper portions 22 to form fins 14. 
The aluminum portion 24 of each fin 14 conducts thermal energy away from the 
copper portion 22 of each fin 14 when the assembled fin 14 is mounted to the base 
12. Alternative materials may be used for the copper and aluminum portions 22, 24. 
5 The choice of materials will depend on the relevant heat transfer considerations and 
the costs that are associated with fabricating the heat sink 10 and the electronic 
device that includes the heat sink 10. 

One of the advantages of assembling a heat sink 10 using a kit of parts as 
described herein is that the heat sink 10 can be assembled for use with a variety of 
10 industry standard integrated circuit boards from a single kit. The heat sink 10 is 
assembled by selecting the appropriate components based on the space available and 
the particular thermal situation. The kit also allows the heat sink 10 to be added 
after the chassis is assembled. The composite fins 14 may also be formed from 
portions that are made from materials other than copper and aluminum depending 
1 5 on the type of thermal environment. 

FIGS. 6 and 7 illustrate another heat sink 50 for dissipating heat from an 
electronic device. The heat sink 50 includes a base 52 and plurality of fins 54. In 
some forms, the base 52 is made from copper and is adapted to be directly, or 
indirectly, thermally coupled to an integrated circuit (not shown in FIGS. 6 and 7) 
20 that includes a high-powered processor. 

In some sample forms, the fins 54 each include a copper portion 62 and an 
aluminum portion 64 such that the copper portion 62 of the fin 54 conducts thermal 
energy away from the copper base 52 to the aluminum portion 64 of the fin 54. One 
edge 63 of the copper portion 62 and an opposing edge 65 of the aluminum portion 
25 64 form at least one of a lap joint 66A (FIG. 6) and a butt joint 66B (FIG. 7) 
between the copper portion 62 and the aluminum portion 64. 

The copper portion 62 has a higher thermal conductivity so another edge 56 
of the copper portion 62 is placed into the base 52 to facilitate efficiently conducting 
thermal energy from the base 52. Since the copper portion 62 of the fin 54 is 
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relatively dense and expensive, the remainder of the fin 54 is formed by the 

relatively lightweight and inexpensive aluminum portion 64. 

It should be noted that one or more alternative materials may be combined to 

produce the fins 54 as long as the fins 54 are formed from a first portion made of a 
5 first material and a second portion made of a second material. In some forms, the 

first portion of the fins is made from a first material that has a higher thermal 

conductivity than the second portion of the fins, and the second portion of the fins is 

made from a second material that has a lower density than the first material. The 

types of materials that may be used to form the fins 54 depend on the relevant heat 
10 transfer considerations and the costs that are associated with fabricating the heat 

sink 50 and the electronic device which includes the heat sink 50. 

Although FIG. 6 shows the fins 54 extending perpendicularly from the base 

52, the fins 54 may be oriented at any angle relative to base 52 that facilitates 

conducting thermal energy from the base 52 into the atmosphere surrounding the 
15 heat sink 50. In addition, the number of fins 54 and the spacing of the fins 54 may 

vary to facilitate conduction of thermal energy away from the base 52. The fins 54 

may also be attached to the base 52 using any conventional attachment technique. 
In the example form illustrated in FIGS. 6 and 7, the copper portion 62 and 

the aluminum portion 64 are in sheet form, and the opposing edges 63, 65 on the 
20 copper and aluminum portions 62, 64 are arranged to form at least one of a lap joint 

66A (FIG. 6) and a butt joint 66B (FIG. 7) that connects the copper portion 62 to the 

aluminum portion 64. 

The copper and aluminum portions 62, 64 may be joined together in the lap 

or butt joint 66A, 66B using resistance spot welding, friction welding, friction-stir 
25 welding and/or brazing. One or both of the opposing edges 63, 65 on the copper 

and aluminum portions 62, 64 may be beveled, V-shaped or scarfed (among other 

shapes). 

The fins 54 may further include a reinforcing member 69 (see FIG. 7) that 
supports the lap or butt joint 66A, 66B along at least a portion of the joint 66A, 66B. 
30 In some forms, the reinforcing member 69 is secured to the lap or butt joint 66A, 
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66B in the same manner that the copper and aluminum portions 62, 64 are joined 
together. The reinforcing member 69 may be made of copper, aluminum, or any 
other material that is compatible with the portions that make up the fin 54. 

In some sample forms, louvers 75 are formed in one or both of the aluminum 
5 and copper portions 62, 64. The louvers 75 may be any size or shape, and extend 
from one or both sides of the copper and aluminum portions 62, 64 that make up the 
fins 54. 

The heat sink 50 described above may be incorporated into a computer 
system that includes a chassis, an integrated circuit board mounted in the chassis, 

10 and one or more processors that are coupled to the integrated circuit board. The 
heat sink 50 may be incorporated into a computer system in a manner that is similar 
to how heat sink 10 is incorporated into the computer system 5 shown in FIG. 5. 

A method is described herein with reference to FIGS. 6 and 7. The method 
includes constructing a fin 54 by joining one edge 63 of a first (e.g., copper) portion 

15 62 to an opposing edge 65 of a second (e.g., aluminum) portion 64 to form at least 
one of a butt joint 66A and a lap joint 66B between the copper portion 62 and the 
aluminum portion 64. The method further includes (i) thermally coupling the fin 54 
to a base 52 to form a heat sink 50; and (ii) thermally coupling the heat sink 50 to an 
integrated circuit (not shown) such that the heat sink 50 conducts thermal energy 

20 away from the integrated circuit during operation of the integrated circuit (see FIG. 
5 as an example of coupling a heat sink to an integrated circuit). 

In some forms, thermally coupling the fin 54 to the base 52 to form a heat 
sink 50 includes coupling the more thermally conductive of the first and second 
portions 62, 64 to the base 52. As an example, thermally coupling the fin 54 to the 

25 base 52 to form the heat sink 50 includes coupling the copper portion 62 of the fin 
54 to a copper base 52. 

In the example forms of the method illustrated in FIGS. 6 and 7, 
constructing a fin 54 by joining one edge 63 of the copper portion 62 to an opposing 
edge 65 of the aluminum portion 64 includes (i) orientating the copper portion 62 in 

30 sheet form in substantially the same plane as the aluminum portion 64 in sheet form; 
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and/or (ii) resistance spot welding, friction welding, friction-stir welding and/or 
brazing (among other methods) the copper portion 62 to the aluminum portion 64. 

As shown in FIG. 8, a heat sink according to any of the example 
embodiments described herein (e.g., heat sinks 10, 50) may be incorporated into a 
5 computer system 100 that includes a chassis 6, an integrated circuit board 7 
mounted in the chassis 6, and one or more processors 8 that are coupled to the 
integrated circuit board 7. The processor 8 is electrically coupled to the heat sink 10 
or 50. The computer system 100 may further include a memory 95 that is coupled 
to the processor 8. 

10 The heat sink, kit and method described above provide a universally applied 

thermal solution for high heat generating electronic devices. The universal 
applicability provides thermal engineers with a multitude of options for cooling an 
electronic device such as a high-powered processor. Many other embodiments will 
be apparent to those of skill in the art from the above description. The scope of all 

15 of the embodiments of the invention should be determined with reference to the 
appended claims along with the full scope of equivalents to which such claims are 
entitled. 
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